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THE HAIL HAZARD IN ILLINOIS 
Introduction 
When one sea rches the voluminous l i t e ra tu re on hail for per t inent 
facts for determining the hail hazard at specific locations, one finds li t t le 
detai led information. The available knowledge on hail was summar ized 
in 1952 by Souter and Emer son (1). They found considerable var ia t ion in 
es t imates of such features of ha i l s to rms as path length, path width, and 
durat ion of hail at a specific location. 
Recent l i t e ra tu re on hail indicates that considerable effort is cu r ren t ly 
being expended to gain a bet ter understanding of h a i l s t o r m s . Ludlam (2) 
desc r ibes a " the rmal theory" of convection for the formation and growth 
of ha i l s tones . He also d i scusses the possibi l i ty of inhibiting hail formation 
by seeding clouds with salt . 
The problem of inadequate a rea l sampling of hail observations is being 
attacked through the use of cooperative obse rve r network of f a rmers and 
o thers who r epo r t information on hail by post c a r d s . These data a r e then 
analyzed in conjunction with r ada r observat ions over the network a rea . 
Three such networks a r e in operat ion at d ive r se locat ions. Douglas and 
Hitschfeld (3) have operated a network in Alberta, Canada for two y e a r s . 
Donaldson (4) has analyzed data from a network in southern New England. 
The Illinois State Water Survey (5) organized and operated a network in 
Illinois during 1958. 
Many of the hail sampling problems should be overcome by these 
networks which collect information on t ime of occur rence , duration, size, 
amount, shape, color, etc. of hai ls tones . Analysis of these data in con-
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junction with concurrent r ada r data should further aid the solution of 
p roblems connected with the accumulation of accura te hail data. It will, 
however, take some t ime before definite r e su l t s a r e available for use by 
insurance companies , f a r m e r s , and others in determining the hail hazard 
from meteorological data. 
Considerable r e s e a r c h has been done by the insurance companies to 
de te rmine hail hazards and es tab l i sh r a t e s according to the hai l hazard . 
They have found that in the Great Pla ins s ta tes there is a uniform inc rease 
in loss cost* as the elevation above mean sea level i nc r ea se s , at l eas t at 
elevations 1000 feet or m o r e above mean sea level. Figure 1 (based on 
d iagrams from the Crop-Hail Insurance Actuarial Association) shows seve ra l 
examples of the relat ionship between loss cost and elevation. It can be seen 
that in s ta tes with smal le r elevation var ia t ions , the re la t ionship between loss 
cost and elevation becomes weaker . The insurance companies also have some 
evidence that t he re is a re la t ionship between the slope of a township (36 square 
mile a rea) and loss cost in ce r ta in types of t e r r a i n . It should be noted that 
re la t ionships between elevation and loss cost, and slope and loss cost were 
evident only when at leas t 30 y e a r s of r eco rd were avai lable. 
It has been est imated that 25 percen t of the total c rop-ha i l insurance 
in the United States in 1956 was wri t ten in Illinois. This es t imate is based 
on the average hai l insurance r a t e in var ious s tates and the fact that Ill inois 
*Loss cost = ( losses ÷ liability) × 100. Loss cost is the average loss pe r 
$100. 00 policy expressed in do l la r s and cents. 
The Illinois P rob lem 
FIG.1 WEIGHTED LOSS COST BY ELEVATION 
(BASED ON DIAGRAM BY CROP-HAIL INSURANCE 
ACTUARIAL ASSOCIATION) 
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ranks seventh in p remium income. As a r e su l t there is considerable 
in te res t in defining accura te ly var iat ions in the hail hazard in Illinois so 
that adequate and equitable r a t e s may be es tabl ished. Illinois does not 
have a long-period record of insurance s ta t i s t ics to define the hail hazard . 
F u r t h e r m o r e , la rge var ia t ions in elevations do not exist to facilitate evalu-
ation of the elevation factors as has been done in the Great Plains s t a tes . 
As a resul t , the hail hazard is being examined by studying specific ha i l -
s to rms using crop damage s ta t i s t ics , r a d a r and synoptic data, U. S. 
Weather Bureau hail data, and topographic cha r t s . 
His tory  
An agreement for a cooperative investigation between the Crop-Hail 
Insurance Actuar ia l Associat ion (CHIAA) and the Illinois State Water Survey 
at the Universi ty of Illinois was initiated on Feb rua ry 1, 1958. The inves t i -
gation was descr ibed as follows: 
Investigate pas t and p resen t Illinois ha i l s to rms by corre la t ing 
hail damage with r a d a r data and surface and upper a i r weather 
m a p s . Individual case studies will be made utilizing r ada r data, 
a r e a of thunders torm system, ha i l s to rm velocity, number of 
active hail ce l l s , topography of land passed over, synoptic weather 
pa t t e rns , field investigation data of cur ren t ha i l s t o rms , and any 
other pert inent physical fac tors . Cor re la te hail damage of pas t 
yea r s with synoptic weather pa t te rns and other meteorologica l 
data. 
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In o rde r to cover the many aspec ts of the study, the investigation 
was divided into two pa r t s . Roy H. Blackmer , J r . was ass igned as 
P ro jec t Meteorologis t on the port ion of the work supported by CHIAA 
and spent full t ime on the study. His work utilized the r e c o r d s of CHIAA 
in the investigation of meteorologic and topographic factors influencing 
ha i l s to rms during the growing season. P re l im ina ry r e su l t s of findings 
a r e presented in P a r t I. The second par t of the investigation uti l ized the 
l ong - t e rm r e c o r d s of the U. S. Weather Bureau to de te rmine the c l ima -
tological dis tr ibut ion of ha i l s to rms in Illinois and the r ep resen ta t iveness 
of cu r r en t and past r e c o r d s . This work was supported ent i re ly from 
state of Illinois funds and was per formed by Floyd A. Huff and Stanley A. 
Changnon, J r . independent of the CHIAA study. The cl imatological study 
was aided appreciably by a p r io r investigation by Changnon (6). An advanced 
copy of a r e p o r t covering the detailed ea r ly aspec t s of th is work was sub-
mi t ted to CHIAA in August 1958. A summary of port ions pert inent to 
insurance in t e res t s is p resen ted as P a r t II of this r epo r t . 
The thi rd p a r t of this r e p o r t covers recommendat ions for future 
studies involving the use of CHIAA data in developing a scientific bas i s 
for the es tabl ishment of crop hail insurance r a t e s for I l l inois. Several 
other re la ted studies a r e briefly outlined in the l a s t sect ion of this r epor t , 
for which other sources of support a re being sought. 
Personne l 
Fu ture Work 
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Summary of Resul ts to Date 
Records of both the CHIAA and the U. S. Weather Bureau indicate 
that there is a var iance in the hail hazard within the state of Il l inois. The 
long- te rm occurrence r eco rds from U. S. Weather Bureau stations spaced 
approximately 25 mi les apar t indicate a high incidence of hail in the Spring-
filed Plain a r ea near Jacksonvil le , in the ex t reme northwest portion of the 
state, and in the Shawnee Hill region in southern Il l inois. The re la t ively 
s h o r t - t e r m reco rds of CHIAA for hail damage to crops support the high 
hail occurrence frequency found from Weather Bureau r ecords near 
Jacksonvil le but insufficient insurance records do not permi t verifying 
the other two regions . The f ive-year insurance r eco rds indicate high 
incidence of hail in the Monmouth a r e a of Warren County, between Decatur 
and Lincoln, and in the Springfield P la in a r e a . Low incidence is evident 
in the Illinois and Miss i ss ippi River Valleys as well as along Lake Michigan. 
However, this may be due to smal l amounts of l iabil i ty in these a r e a s . 
P re l imina ry r e su l t s from detai led analysis of the CHIAA data to 
ascer ta in possible localized t e r r a i n influence indicates that townships 
which a re level or slope upward along the predominating s to rm t r acks 
have lower loss costs than townships which slope downward along the 
major hai ls torm t r acks . 
Thunders torms producing hail move with the general c i rculat ion 
pa t te rns of the upper a tmosphere . A la rge number of ha i l s to rms move 
from the west. However, p re fe r red paths from the northwest were evident, 
especially in the nor thern portion of the s ta te . In ear ly summer they 
move from the southwest in the cent ra l portion of the s tate . P r e f e r r e d 
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paths of ha i l s t o rms c r i s s - c r o s s in a r ea s of high frequency of occur rence . 
It is believed that the s teer ing of thunders torms by the genera l circulat ion 
coupled with the effects of local t e r r a i n and possibly soil or vegetative cover 
have a pronounced influence on the sever i ty of the ha i l s to rm. Fur the r work 
on this topic is strongly recommended. 
The hail hazard v a r i e s significantly from yea r to year and quite often 
from decade to decade. The pa t te rn of hai l between 1948-1957 does not 
appear to be represen ta t ive of the long- t e rm reco rds of hai l . Sampling tes ts 
indicate that at l eas t a 25-year r ecord is needed in o rder to define accurate ly 
the annual dis t r ibut ion of hail . 
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PART I 
DETAILED STUDY OF SUMMERTIME HAILSTORMS 
Roy H. Blackmer , J r . 
Descr ipt ion of Data 
This study of Illinois ha i l s to rms is based on the pas t ten yea r s of 
crop hail damage r e p o r t s . The data for the f i rs t half of the ten-year 
period a r e par t ia l ly inadequate because of the smal l amounts of c rop-hai l 
insurance wri t ten in Illinois during the period and also because only par t s 
of the r eco rds a re in a form amenable for this study. Records for the 
period 1953 to 1957 inclusive a r e much m o r e complete. 
The crop damage data consisted of pr intouts of information which 
was placed on punched ca rds by the Crop-Hai l Insurance Actuarial Assoc i -
ation (CHIAA). In addition to insurance information, the ca rds contain the 
year , month, day, and hour of hail occurrence ; the county, township, range 
and sections where hail occurred; the ra te or percent of loss caused by the 
hail; and the type of crop which suffered the damage. Each card rep resen ted 
a paid loss to an individual policy holder from hail damage to one type of 
crop. In situations where severa l pa r t i e s have p a r t i n t e r e s t in one crop, 
there would be severa l punched ca rds , one for each individual policy even 
though there was hail at only one location. Since it was possible to have 
severa l paid losses with only one isolated hail occur rence and since there 
was the possibil i ty that a f a rmer might not know on which of severa l days 
hail occur red if he examined his crops intermit tent ly, it was decided that 
only days with m o r e than 20 losses would be considered hail days. An ex-
ception to this c r i t e r i a was in 1948-50 when ten losses was a rb i t r a r i l y 
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chosen as the lower l imit and in 1951 when 15 was chosen as the lower l imit 
to compensate for incomplete data. 
Radar data collected by the Illinois State Water Survey a r e available 
for the period 1950 to the p resen t t ime . These data cons is t of 16 and 35-mm 
film r eco rds of the precipi tat ion pat tern shown on the PPI.and. RHI scopes of 
the r ada r equipment. 
U. S. Weather Bureau surface and upper a i r synoptic data were used 
in this study for comparing s to rm movements during a year with the l a rge r 
scale a tmospher ic flow pa t t e rns . 
F r o m these var ious types of data, information has been extracted on the 
locat ion and extent of h a i l s t o r m s , the movement of h a i l s t o r m s , and re la t ion-
ship between topography and hail damage in Il l inois. 
The crop lo s s data have severa l l imitat ions which complicate any study 
of the annual occur rence of h a i l s t o r m s . Natural ly the re will be no repor ted 
crop l o s s e s during the colder ha l f -year . The effect of planting and harves t ing 
of c rops can be seen in Table 1 which shows the number of days with crop hail 
l o s ses in var ious months . 
The table shows that the re a re not many days in May when the crops 
have grown sufficiently to be damaged by hail . In October m o s t of the crops 
have been harves ted . Much of the inc rease in total number of hail days from 
1948 to 1956 is due to the inc reased amount of insured c rops . 
Location and Extent of Ha i l s to rms 
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TABLE 1 
NUMBER OF DAYS WITH CROP HAIL LOSSES IN VARIOUS MONTHS 
1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 Total 
The s ize of hail which falls when plants a r e in var ious stages of growth 
is a lso important in determining whether crops will be damaged by the hail 
which falls on a par t icu la r day. The dis tr ibut ion of hail of var ious s izes 
during the wa rmer half-year has been examined at three locations. These 
studies, except for the study by Beckwith (7), a re comparat ively recent so 
that data collected to date a r e l imited. F igure 2 shows the size dis t r ibut ion 
for the three locations for which data have been collected. Illinois shows a 
higher percentage of small hai ls tones than the other two locations. This may be 
due to the smal l sample or may be caused by higher t empera tu res at and 
near the surface in Il l inois. Other studies have been made of hailstone 
s i ze s . F o r example, Bee r s (8) repor ted that one thunders to rm in 800 on 
the Denver-New York airway has hail the size of walnuts and one s to rm 
in 5000 has baseba l l - s ize hail . According to these s ta t i s t ics , a number 
of yea r s of data at a point would be n e c e s s a r y to get the complete spec t rum 
of size distr ibution. Assuming ten ha i l s to rms a yea r , 500 yea r s of record 
at a point might be neces sa ry to observe the one in 5000 ha i l s to rms with 
baseba l l - s ize hail . 
May  - 3 1 1 - 2 4 3 5 3 22 
June 5 3 8 10 7 10 11 9 11 9 83 
July 4 3 4 7 5 9 7 9 17 7 72 
Aug. 5 4 3 4 3 5 12 4 10 6 56 
Sept. - - 2 3 4 5 3 6 6 1 30 
Oct. - - - - - - 3 3 - - 6 
Total 14 13 18 25 19 31 40 34 49 26 269 
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Although hai l is not v e r y frequent at a point, an a r e a the s ize of the 
state of I l l inois has enough observat ion points ( insured crops) that some 
point may have hail which damages crops prac t ica l ly every day of the 
month. F o r example, during a 66-day per iod in 1956 there were crop 
l o s se s on 63 days . During this per iod lo s ses were paid every day for a 
period of 44 consecutive days . Many of these days , however, had l e s s 
than 20 l o s s e s . As a resul t , the number of hail days as defined in this 
study was reduced to 34 in the 66-day per iod. 
Several s teps were involved in the analys is of the numerous Illinois 
s t o r m s . F i r s t , the number of l o s se s on var ious days for each of the ten 
y e a r s was tabulated. Second, the number of l o s se s at var ious hours was 
tabulated on a m a p in the county in which the losses occur red . These 
maps were used to c o r r e c t some of the t ime e r r o r s . The number of 
los ses at va r ious hours over the whole state were totaled. Storms which 
extended pas t midnight on a par t i cu la r day were examined and noted so 
that a s to rm period could be plotted in detail on one m a p . 
The method of plotting was as follows. Fo r the l a rge s to rms , the 
repor ted t ime of hail was color coded. The location of the ea r l i e s t 
repor ted hail damage on each day was plotted by coloring in r ed the 
section in which damage occur red . Repor ts for the next hour were plotted 
in orange . Subsequent t imes were designated by colors further on in the 
color spec t rum. This choice of colors makes  i t easy to visual ize the 
movement of the s to rms a c r o s s the s ta te . Small s t o r m s (less than about 
150 los ses ) were plotted using jus t one color for the ent i re day so that as 
many as four of the smal l s t o rms could be plotted on one map . 
FIG.2 MAXIMUM HAIL SIZES REPORTED MONTH BY MONTH, IN 
DENVER (BECKWITH, 1 9 5 6 ) , IN ALBERTA (DOUGLAS, 1958), AND 
IN ILL INOIS, 1958 
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The number of s t o rms which were plotted for va r ious yea r s together 
with the number of paid losses for the l a rges t s t o r m s in each year a r e 
l is ted in Table 2. 
TABLE 2 
PLOTTED HAILSTORMS 
Number of 
Number of Losses with 
Year Storms La rges t Storm 
1948 1 440 
1949 2 146 
1950 2 413 
1951 2 1127 
1952 19 754 
1953 31 2369 
1954                  40               3008 
1955 34 1197 
1956 49 2677 
1957 26 1136 
Total 206 
The discuss ion which follows r e fe r s to the 180 s t o rms during the 
per iod 1953 to 1957, unless otherwise noted, since the data for 1948 to 
1952 were considered inadequate for detailed study. 
To summar i ze the location of hail, the state was divided into grid 
squa re s . The size of the grid squares was a r b i t r a r i l y established as one-
quar te r degree , both in latitude and longitude (approximately 17. 5 x 13. 4 
mi les ) . The boundaries of the grid squares were made to coincide with 
the borders of the U. S. Geological Survey 15-minute topographical char ts 
for I l l inois. 
The location of hai l on each hail day was examined using an overlay 
delineating the grid squa re s . A 'yes ' or 'no ' was r ecorded for each grid 
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square for each hail day. A ' y e s ' mean t that hail occur red in the grid 
square on that par t icu la r s t o r m day. A 'no ' meant that no hail occur red 
in the grid square . Naturally, the number of ' y e s s e s ' in a gr id square was 
dependent on the number of a c r e s of insured c rops in the grid square . The 
dis t r ibut ion of insured c rops was r a t h e r s p a r s e in the nor the rn p a r t of the 
s ta te and also in the southern th i rd of the s t a te . 
F igure 3 shows the number of t imes hail which caused damage to 
c rops was observed in va r ious grid squares during the f ive-year per iod. 
Three major regions of frequent occu r rence may be seen. These reg ions 
a r e the Monmouth a r e a in War ren County, the Springfield Pla in between 
Springfield and Jacksonvil le , and a l a rge a r e a in the vicinity of Decatur 
and Lincoln. Other sma l l e r a r e a s of frequent occur rence a r e a lso shown. 
Five regions of low hail frequency a l so may be seen. These regions , 
however, may be a r ea s where the amount of l iability was smal l . The lack 
of observat ions of hai l at the edges of the state is definitely due to sma l l 
amounts of liability in the grid s q u a r e s . The distr ibution of l iabil i ty is not 
known except for 1954. Some of the grid squares which show a low frequency 
of hail occur rence for the f ive-year per iod had smal l amounts of l iabil i ty in 
1954. A number of adjacent grid squares which show considerable var ia t ion 
in hai l frequency had approximately the same liability in 1954. Thus, F igure 
3 shows the effect of two fac tors : var ia t ions in hail frequency and var ia t ion 
in l iabil i ty. The major a r e a s of high frequency a r e believed to be due to 
var ia t ions in hai l occur rence r a the r than var ia t ions in liability. 
FIG.3 NUMBER OF HAIL OCCURRENCES IN ONE-QUARTER 
DEGREE GRID SQUARES, 1953-1957 
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Areal Extent of Hai l s torms 
The approximate length and width of continuous a r e a s of hail (swaths) 
were measu red . Considerable subjectivity was required in making these 
measuremen t s because of the uneven dis tr ibut ion of l iabili ty in some regions 
of the s ta te . The number of measurab le hail swaths were also tabulated 
as well as the d imensions . On many s t o r m days the hail l o s ses were ve ry 
scat tered with no dist inct hai l swaths . In addition to measur ing the a r e a of 
individual hail swaths , the dimensions of the rec tangular a rea which enclosed 
al l the hai l l o s ses in the state on that s t o r m day were measured . This a r e a 
is r e f e r r e d to as the hail region. 
Table 3 l i s t s pert inent facts concerning the a r e a l extent of the s t o r m s . 
TABLE 3 
AREAL EXTENT OF HAILSTORMS 
Year 
1953 1954 1955 1956 1957 
Number of ha i l s to rm days 31 40 34 49 26 
Pe rcen t of s to rm days 
with swaths 94 75 74 65 69 
Average number of swaths 
pe r s to rm day 3 2 2 2 1 
Average length of swath 
(miles) 29 .0 32.0 17.0 21.0 31.5 
Average width of swath 
(miles) 6. 0 7 .0 5.5  5. 5 7. 0 
Average spacing between 
swaths (miles) 16 20 20 28 ---
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TABLE 3 (Continued) 
1953 1954 1955 1956 1957 
Average a r e a of swaths 
(square mi les ) 174 224 94 116 220 
Average a r e a of hai l region 
(square mi les ) 18,000 20,000 17,000 18,000 15,000 
The table shows that 1953, the year with the l a rge s t crop l o s s e s , had the 
highest pe rcen t of days with hai l swaths and a l so the m o s t swaths pe r s to rm 
day. The leas t c rop l o s se s occur red during 1955. The major difference 
between 1953 and 1955 appears to be the average a r e a of the l a rges t hail swath 
on each s to rm day. The s t o r m s in 1953 also were m o r e damaging than the 
s t o r m s during other y e a r s . F o r example, the average loss to crops which 
were damaged by hail in 1953 was 16 percent , while in other ye a r s the average 
loss to c rops damaged by hail was approximately ten percent . The reason 
for the g r e a t e r s to rm intensity in 1953 is not known yet but may be re la ted to 
the mean t empera tu re dis t r ibut ion for the s u m m e r . 
Examination of the a rea l extent of two of the l a rges t s t o rms during the 
f ive-year per iod studied in detai l produced the s ta t i s t i cs tabulated in Table 4. 
TABLE 4 
AREAL EXTENT OF TWO LARGE STORMS 
Storm Date 
8 / 7 / 5 3 8 / 9 / 5 4 
Number of swaths 9 8 
Average length (miles) 42 49 
Average width (miles) 5 .5 6 
Average a r e a (Square mi les ) 220 300 
Average spacing (miles between swaths) 25 20 
Total hai l a r ea (square miles) 2250 2750 
Hail region (square mi les ) 29, 000 26, 000 
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Although these two s to rms were the l a rge s t observed, i t is probable 
that they a r e not the upper l imit in maximum size since only about ten 
percent of the hai l region of both s t o rms was covered by hail swaths. 
After plotting the loss r epo r t s , the r a d a r film was examined and the 
velocit ies of echoes at the t ime and location of the hail damage a r e a s were 
determined. In spite of the fact that the t imes of hail losses were given 
only to the n e a r e s t hour, i t was possible general ly to associa te the ha i l s to rm 
with a specific r ada r echo. The exceptions were the cases where numerous 
small echoes moved rapidly over a hail region in a period of an hour . 
The radar echo pat terns var ied considerably among the s to rms studied. 
For example, a single isolated echo produced all the hail which caused the 
most damaging s to rm in 1957. This s to rm occur red on July 7 in ea s t e rn 
Iroquois County. During some s to rm days the r a d a r scope was covered 
with echoes within a radius of 200 m i l e s . Inman and Bigler (9), who made 
a study of r ada r echo pat terns associa ted with midwest tornadoes , also 
found a wide var ia t ion in pat terns of precipi tat ion echoes during severe 
weather . 
As mentioned previously, the principle use of r ada r data in this study 
was to de termine the horizontal velocity (direction and speed) of the ha i l -
s t o r m s . The veloci t ies of severa l hail echoes were determined and an 
average velocity computed. During the period of hail on a s to rm day, the 
hail echoes did not show significant var ia t ions in velocity, although one or 
two exceptions were noted. These exceptions showed some curvature to the 
left near the end of the surface hail damage path. 
Hails torm Movement 
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After the average ha i l s t o rm velocity had been de te rmined for each s t o r m 
day, the di rect ion of movement was rounded to one of 16 points of the com-
p a s s . The s t o r m s were then separa ted into groups according to the d i rec t ion 
of movement . F igure 4 shows the number of days having s t o rms moving from 
the var ious d i rec t ions . The figure shows that twice as many ha i l s t o rms moved 
from the west than from any other d i rect ion. The only direct ions from which 
ha i l s t o rms were not observed to move were south-southeas t , eas t -nor theas t , 
and eas t . 
F igure 4 also shows the movement of ha i l s to rms during the five months of 
the year that crops a r e damaged by hail . I t can be seen that the re is a seasonal 
change in d i rec t ion of movement of h a i l s t o r m s . In May and October few ha i l -
s t o r m s move from direc t ions nor th of west . In July and August the p r e f e r r e d 
d i rec t ion of movement has shifted to the northwest quadrant . This seasonal 
change is caused by the seasonal var ia t ions in the general c i rculat ion of the 
a tmosphe re . 
The di rect ion of movement of ha i l s to rms v a r i e s considerably from year 
to year as well as seasonally. F igure 5 shows the pe rcen t of ha i l s t o rms 
moving from var ious d i rec t ions each yea r (1953 to 1957 inclusive) and also 
shows the pe rcen t of the total damage each year which occur red with s t o rms 
moving from the indicated di rect ion. The mos t damaging s to rm in a given 
year may cause a high percentage of the total damage . The pe rcen t of the 
y e a r s ' damage caused by the major s t o r m during each of the five y e a r s is 
indicated beside the damage bar of the di rect ion from which the m a j o r s to rm 
moved. F o r example, in 1953 ten pe rcen t of the s t o r m s moved from the wes t -
northwest , causing 44 pe rcen t of the y e a r ' s damage. Near ly all of th is damage 
was caused by the August 7th s to rm which caused 43% of the y e a r ' s damage. 
Figure 4. Monthly Distribution of Hailstorm Movements, 1953- 1957. 
Figure 5. 
Per Cent of Storms Moving from Various Directions. 
Per Cent of Year s Damage Caused by Storms Moving from Various Directions. 
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If it can be conclusively shown that hail damage is re la ted to the slope 
of the townships, the var ia t ion in direct ion of movement from year to year 
should cause a shift in the region of maximum hail damage from year to 
year . This effect might, however, be par t ia l ly obscured by random v a r i -
ations in s to rm distr ibut ion and intensi ty. 
In addition to the var ia t ions in s to rm movement from year to year , 
there a re a lso some var ia t ions in movement from one p a r t of the state to 
another, according to the 1953-57 data. Figure 6 shows the percen t of 
s to rms moving from var ious direct ions in seve ra l subdivisions of the s ta te . 
These sections were establ ished by the Weather Bureau for cl imatological 
purposes . The figure shows that a high percentage of the s to rms move from 
the west in al l the sect ions, but there is considerable sectional var ia t ion in 
the frequency of nor thwes ter ly and southwesterly moving s t o r m s . 
The var ia t ions in d i rec t ion of movement of s to rms over the state were 
investigated further by separa t ing the s t o r m days into groups according to 
the direct ion of movement and counting the number of hail occu r rences in 
each 15-minute grid square for each group of s t o rms . The mos t frequent 
direct ion in each grid square was then plotted in the grid square . The 
resul t ing pat tern showed smal l regions having the same p re fe r red d i rec t ion 
in var ious a r e a s of the s ta te . These regions were analyzed and tentative 
s to rm t r acks a c r o s s the state constructed. The shaded a r e a s in Figure 7 
show the regions of s imi la r s t o r m movement and the heavy lines show the 
implied s to rm t racks over the s ta te . The figure shows that wes ter ly s t o r m s 
a r e frequent over a la rge p a r t of the s ta te . The s to rms from nor thwester ly 
or southwesterly direct ions a r e confined to much smal le r a r e a s . Comparison 
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of Figure 7 with Figure 3 shows that the regions of frequent hai l occur rence 
may, in some c a s e s , be caused by the fact that ha i l s to rms may move a c r o s s 
the a r ea from two or more d i rec t ions . For example, the Springfield Plain 
is on the path of both west and northwest s t o r m s . Other regions of frequent 
hail occur rence such as the Monmouth a r ea in Warren County appear to be 
caused by the numerous s t o rms moving from the west. 
More yea r s of r eco rd will be requi red to de termine whether these 
assumed s to rm paths a r e re l iab le . 
Comparison of Topography and Damage 
It was previously mentioned that the amount of damage v a r i e s consid-
erably from s to rm to s to rm. The mos t damaging s to rm in a pa r t i cu la r 
year-may cause from 15 pe rcen t to 55 percent of the y e a r ' s total damage. 
Figure 8 shows the cumulative percent of the y e a r ' s damage caused by the 
ten mos t damaging s t o r m s . In general , th ree s to rms cause 50 percent of 
the y e a r ' s damage, while the ten mos t damaging s to rms cause about 
between 72 and 94 pe rcen t of the damage. One, two, or three s t o r m s each 
year , therefore , have an appreciable effect on the loss cost of a region. 
The loss costs which were compared with topography were the township 
loss costs compiled by the Crop-Hai l Insurance Actuarial Associat ion for 
the per iod 1948 to 1956. 
The re la t ionship between township loss cost and township elevation 
in Illinois has been examined by the Crop-Hail Insurance Actuar ia l A s s o c i -
ation. No usable re la t ionship was apparent . The short period of r eco rd may 
have been inadequate to show a re la t ionship if any exis t s . In addition, about 
50 pe rcen t of the l iabil i ty is at the 600-foot elevation, while the total rel ief 
FIG.6 PERCENT OF STORMS MOVING FROM INDICATED DIRECTION 
IN VARIOUS SECTIONS OF STATE  
FIG.7 HAILSTORM TRACKS OVER ILLINOIS 
FIG.8 CUMULATIVE PERCENT OF YEARS DAMAGE CAUSED 
BY THE 10 MOST DAMAGING STORMS 
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is approximately 700 feet. Since township elevations were read only to 
the n e a r e s t 100 feet, only seven elevation in tervals were avai lable. It is 
doubtful, however, if m o r e frequent elevation in te rva l s would r e su l t in 
any improvement . 
Limited examination of township loss cost and township slope has been 
made . In this p re l imina ry examination, townships were selected which had 
e i ther ve ry high or ve ry low loss costs for the 1948 to 1956 period. Height 
values were then tabulated to obtain an average height profile a c r o s s the 
township. The d i rec t ion of the profile was chosen para l le l to the p re fe r red 
direct ion of movement of ha i l s torms in the grid square containing the town-
ship, as shown in F igure 7. P re l imina ry r e su l t s as shown in Figure 9 
indicate that townships which a r e level or slope upward along the s to rm t rack 
have lower loss costs than townships which slope downward along the s to rm 
t rack . Many m o r e townships must be examined before these resu l t s can be 
expressed quantitatively. In addition, it appears that a high frequency of 
s to rms may complicate the s lope- loss cost re la t ionship . 
Data a r e being plotted to evaluate the effect of slope on individual ha i l -
s t o r m s . The pe rcen t loss by section will be compared with the t e r r a i n . One 
complication to this study will include var ia t ions in s to rm intensity which a r e not 
caused by t e r r a in . 
Conclusions and Recommendations 
Detailed analysis of crop loss data has yielded valuable information about 
ha i l s to rm location, extent, and relat ionship to topography. The analysis of 
other types of data such as r ada r and synoptic data in conjunction with the 
crop loss data has made possible the study of ha i l s t o rm movement and 
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re la t ionship to the genera l c irculat ion. 
In this study it was found that there were severa l regions of high hail 
frequency over the state during 1953-57. These regions a r e the Monmouth 
a r e a in Warren County, the Springfield P la in a rea , and a l a rge region in the 
vicinity of Decatur and Lincoln. Other sma l l e r a r eas of high frequency were 
located far ther nor theas t in the cen t ra l p a r t of the s ta te . Since the observed 
frequency is influenced by the dis tr ibut ion of liability, it is apparent that 
further study of hai l frequency is needed to el iminate the effect of l iabil i ty 
distr ibut ion. 
The average a r e a over which damaging hail occur red on an average s t o r m 
day was found to be about 18, 000 square m i l e s . However, in this la rge region 
an average of two hail swaths covering an a r e a of about 250 square mi l e s each, 
plus many sca t te red smal l a r e a s of hail , a r e found. The total a r e a of hai l l o s s 
with each of the two l a rge s t s t o rms was about 2, 500 square mi l e s . Stat is t ics 
on the average value of insured crops per square mile a r e n e c e s s a r y to con-
v e r t this figure to liability that could be imper i led by one day ' s hai l act ivi ty. 
The movement of hailsto:rms was studied using r ada r data . Knowledge 
of the s to rm movements permi t ted the identification of s t o r m t r a c k s over 
Ill inois. Wester ly s t o rms a r e frequent over m u c h of the s ta te , according 
to the 1953-57 data. Northwester ly s t o r m s a r e most frequent over the 
northwest p a r t of the s ta te , but northwest s t o rms also move along p r e f e r r e d 
paths from Moline to Peo r i a or from Burlington to Mount Vernon. South-
wester ly s t o rms prefer a na r row region from Pike County to southeast Cook 
County, while a sma l l e r reg ion mos t affected by southwesterly s t o rms e x -
tends from Decatur to Hoopeston. It is not known whether these s t o r m t r a c k s , 
FIG.9 COMPARISON OF 1948-1956 TOWNSHIP LOSS COST 
WITH HEIGHT PROFILE ALONG STORM TRACK 
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which a re based on five y e a r s ' data, a r e represen ta t ive of long-period m e a n s . 
No re la t ionship was found between elevation and loss cost in Il l inois. 
The good re la t ionships found by CHIAA in other s ta tes a r e enhanced by a 
long period of r eco rd and l a rge r elevation differences than exis t in I l l inois . 
P r e l i m i n a r y evidence indicates that ha i l s to rms which move a c r o s s level 
t e r r a i n or upslope produce l e s s damage than ha i l s to rms which move down-
slope. These conclusions a r e based on a ve ry c u r s o r y examination of town-
ship loss costs and elevation var ia t ions a c r o s s the township in the d i rec t ion 
of mos t frequent ha i l s to rm movement a c r o s s the township. 
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PART I I 
CLIMATOLOGICAL DISTRIBUTION OF HAILSTORMS 
S. A. Changnon, J r . and F. A. Huff 
Descr ipt ion of Data 
Utilizing data from U. S. Weather Bureau f i r s t - o r d e r s tat ions and 
cooperative substat ions for the per iod 1901-50, a study was made of the 
hai l dis tr ibut ion in Illinois on an annual and seasonal b a s i s . The purpose 
of this study was to provide a climatological descr ipt ion of ha i l s t o rms in 
Illinois in r e spec t to their average and ex t reme o c c u r r e n c e s . Emphas is 
was placed on the period from March through August, when the major i ty 
of hai l occurs in the s ta te . 
A major problem encountered in the ana lys is , which was r e s t r i c t e d 
to U. S. Weather Bureau data, was to obtain a network of observat ion s ta -
t ions which would accura te ly r e p r e s e n t the a r e a l and seasonal var ia t ion of 
ha i l s to rm occu r r ences . This p rob lem was solved largely by introducing 
data from U. S. Weather Bureau cooperative substat ions to be used along 
with data from the f i r s t - o rde r s tat ions in and nea r Il l inois. Detailed 
examination and evaluation of al l cooperative substation r e c o r d s in Illinois 
resu l ted in el imination of many r e c o r d s . However, enough stat ions with 
sa t is factory r e c o r d s were found to p e r m i t such a study. The analys is was 
based on sat isfactory hail r e c o r d s from 85 stations in Illinois including 12 
f i r s t - o r d e r s ta t ions . Ten of these stat ions a re shown on many of the maps 
for reference points of location, and a r e identified on Figure 10. Fifty of 
these 85 stat ions had 20 or m o r e y e a r s of re l iab le hail r e c o r d s . The number 
of available stat ions with acceptable yea r s of r eco rd var ied only slightly 
FIG. 10 TOTAL NUMBER OF DAYS WITH HAIL 
DURING AVERAGE 10-YEAR PERIOD 
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from yea r to year with an average of 42 stations per yea r with acceptable 
r e c o r d s . 
Annual Hail Distribution 
The average frequency of annual hail days is i l lus t ra ted in F igure 10. 
In this figure, the average has been expressed in t e r m s of number of days 
in an average 10-year period, since the average number of cases per year 
is re la t ively smal l . Reference to F igure 10 shows the annual hail maximum 
occurr ing in southwestern cent ra l Illinois in the region west of Springfield. 
Secondary maxima a re indicated in the ex t reme northwest portion of the 
state and in the ex t reme southern portion of the s ta te . Areas of min imum 
occurrence are indicated in e a s t e r n Illinois and in north and cent ra l Illinois 
along and to the west of the Illinois River val ley. 
Although the Rock River Hill region of nor thwestern and the Shawnee 
Hill region in southern Illinois do not have elevations exceeding 1200 feet 
above mean sea level, the regions a r e quite rugged in nature and the hi l ls 
r i s e abruptly from the flatlands to the south in the path of the prevai l ing wind 
flow. Consequently, it is quite l ikely that the maxima in the ex t reme nor th -
west and southern port ions of the state a r e par t ia l ly induced, at leas t , by 
the abrupt differences in the local relief. The a r e a of maximum frequency 
in southwest cent ra l Il l inois, however, l ies in the Springfield Plain which 
has no pronounced changes in relief in relat ion to the topography of the 
land surrounding it . The southwest cent ra l Illinois maximum lies within a 
non-orographic hai l belt, extending from Oklahoma and Kansas e a s t - n o r t h -
eas tward towards Pennsylvania. The U. S. Weather Bureau (10) has pointed 
out that this maximum a r e a coincides roughly with a region of strong frontal 
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activity. 
Summer. Hail Distr ibution 
The average frequency distr ibution of hail days during the th ree summer 
months of June, July, and August is shown in F igure 11. Reference to this 
map shows hail maxima in nor thwestern and southwest cent ra l I l l inois, 
s imi la r to the annual hai l frequency shown in. F igure .10. However, the 
Shawnee Hill maximum in ex t reme southern Illinois is not p re sen t on the 
summer m a p . F u r t h e r m o r e , the a r e a of highest hail frequency is in nor th-
western r a t h e r than southwest cent ra l Illinois in the s u m m e r . A pronounced 
hail min imum appears in the upper Illinois River valley on both the summer 
and annual m a p s . 
Figure 12 shows the percen t of annual hail occurr ing in the s u m m e r . 
Values over 40 percent a r e found in the nor thwes tern Illinois max imum area , 
while a l a rge a rea in southern Illinois has l ess than 20 percent of i ts annual 
hai l in summer . Most a r e a s in centra l and nor thern Illinois rece ive between 
20 and 40 percent of thei r total annual hail occur rences during the th ree 
summer months . 
F igure 13 shows 5, 10, and 20-year frequencies of s u m m e r hai l . Figure 
13a shows the number of ha i l s to rms which will be equaled or exceeded on an 
average of one in five s u m m e r s . Thus, r e fe r r ing to this figure, it is seen 
that in ex t reme nor thwestern Illinois that in an average f ive-year per iod ' 
there will be one yea r in which there will be at l eas t th ree ha i l s t o rms during 
a summer at a station; or stating it m o r e rea l i s t ica l ly , in ten ye a r s out of 
a 50-year period there will be three or m o r e ha i l s to rms p e r s u m m e r season. 
F igures 13b and 13c show ten-year and 20-year frequency dis t r ibut ions , 
FIG. 11 TOTAL NUMBER OF DAYS WITH HAIL IN 
SUMMER DURING AVERAGE 10-YEAR PERIOD 
FIG.12 AVERAGE PERCENT OF ANNUAL 
HAIL IN SUMMER 
FIG. 13 FREQUENCY DISTRIBUTION OF SUMMER HAIL DAYS 
NUMBER OF DAYS EQUALLED OR EXCEEDED PER YEAR 
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respec t ive ly . As would be expected, F igures 13 a-c indicate pa t te rns 
s imi l a r to Figure 11 with maximum a r e a s in nor thwestern and southwest 
cen t ra l Illinois and a min imum in ex t reme southern Il l inois. 
Months of Maximum Hail Occur rence 
In general , the maximum hail activity occurs in March, April , or May 
in the southern port ion of the state and in April , May, or June in the nor thern 
half of the s ta te , as shown in Figure 14. Based upon Weather Bureau r e c o r d s 
for I l l inois, eight hai l days a r e average for May, s ix days in April , and 
between five and six days per month in March and June. Frequency of hail 
days by months maintains a continued decline through the summer and fall 
seasons , with an average of four hai l days in Illinois in July, t h ree in 
August, and between one and two i n S e p t e m b e r and October. 
Reliabili ty of Distr ibution Pa t t e rns 
Next, the rel iabi l i ty of the hail distr ibution pat tern was investigated, 
since there was some question whether the hail maxima in nor thwestern , 
southwest cent ra l , and southern Illinois were pe r s i s t en t or had been induced 
by a few yea r s of unusually heavy hail occur rences in these a r e a s . Hail 
maps for each of five decades in the 1901-50 per iod were drawn using all 
available data. These t en -yea r maps a r e shown in Figure 15 a - e . Refer-
ence to these maps shows a t rend for the three high a r e a s to p e r s i s t 
throughout the 50 yea r s included in the five t en -yea r per iods , although 
some deviations from the pat tern of Figure 10 a r e apparent in the var ious 
decades . In general , the five t en -yea r per iods show pat terns s imi l a r to 
the average pat tern of Figure 10 with r e spec t to outstanding fea tures . How-
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ever , some major pa t tern differences do appear from decade to decade . 
Figure 16 shows the dis tr ibut ion of hai l in Illinois during the 1948-57 
per iod. This map was constructed from 65 U. S. Weather Bureau stations 
for comparison with crop hail insurance data available during this period. 
Compar ison of th is map with the average dis t r ibut ion shown in Figure 10 
revea l s marked d i s s imi l a r i t i e s in the pa t t e rns . I t appears that the hai l 
occu r rences during the 1948-57 decade a r e not represen ta t ive of the average 
dis t r ibut ion expected in a normal t en -yea r per iod. The high frequency 
a r e a shown in F igure 16 in eas t cent ra l Illinois is unusual and not p resen t on 
the 50-year average map of Figure 10. The high a r e a s normally found in 
the southern port ion of west central Illinois a r e apparent but not pronounced 
in magnitude or s ize . 
Sampling E r r o r s Associated with Point Averages 
Although the t en -yea r pa t te rns of the maps in F igures 15 a-e a r e bas ica l ly 
s imi la r to the average conditions indicated by F igure 10, differences in shape, 
location, and magnitude of the hail d is t r ibut ion a r e sufficient in some ins tances 
to indicate that t en -yea r per iods a r e unrel iable for defining an average hail 
pa t te rn in the s ta te . To further investigate the sampling requ i rements for 
defining hail distr ibution, a study was made of the y e a r - t o - y e a r dis t r ibut ions 
of hail days at six U. S. Weather Bureau f i r s t - o r d e r stat ions using moving 
ave rages . Stations used in this phase of the analysis were Springfield, St. 
Louis, Cairo , Peor ia , Chicago, and Moline. Moving averages were calculated 
for per iods of 40, 30, 25, 20, 15, and 10 y e a r s . Average and maximum 
deviations from the long- te rm mean, 1901-50, were then determined for each 
period of moving averages at each station and these deviations expressed in 
FIG 14 MONTHS OF MAXIMUM HAIL DAYS 
FIG.I5 NUMBER OF HAIL DAYS PER DECADE 
FIG.16 TOTAL NUMBER OF DAYS WITH 
HAIL IN 1948-1957 
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p e r c e n t . The r e s u l t s a r e t a b u l a t e d i n T a b l e 5 , w h e r e a v e r a g e d e v i a t i o n s o b -
ta ined by g roup ing the s ix s t a t i o n s a r e shown for v a r i o u s p e r i o d s on which 
mov ing a v e r a g e s w e r e b a s e d . R e f e r e n c e to Tab le 5 s h o w s t h a t r e l a t i v e l y 
l a r g e e r r o r s c a n be i n t r o d u c e d i n the h a i l s t a t i s t i c s when a t e n - y e a r p e r i o d 
i s u s e d t o c o m p u t e the a v e r a g e h a i l a t a l o c a t i o n . T h u s , an a v e r a g e e r r o r 
o f 16 p e r c e n t c a n be e x p e c t e d when a t e n - y e a r b a s e p e r i o d i s u s e d for c o m -
put ing the a v e r a g e h a i l o c c u r r e n c e s , whi le a t a n ind iv idua l s t a t i on the e r r o r 
m a y r e a c h o r e x c e e d 5 0 p e r c e n t . The a v e r a g e e r r o r c a n b e h a l v e d b y u s i n g 
a 2 5 - y e a r r e c o r d a c c o r d i n g to Tab le 5 . With h a i l r e c o r d s s h o r t e r t han 20 
y e a r s , t he a v e r a g e and m a x i m u m d e v i a t i o n s i n d i c a t e t h a t l a r g e e r r o r s c a n 
o c c u r . 
T A B L E 5 
R E L I A B I L I T Y OF ANNUAL HAIL A V E R A G E S AT SIX F I R S T O R D E R STATIONS 
BASED ON VARIOUS SAMPLING P E R I O D S 
Dev ia t i on (%) f r o m L o n g - T e r m M e a n for A v e r a g e s 
B a s e d on Given B a s e P e r i o d s ( Y r s . ) 
Dev ia t i on 40 30 25 20 15 10 
( P e r c e n t ) 
A v e r a g e 4 6 8 9 12 16 
M a x i m u m 13 22 22 30 43 52 
To ob ta in a m e a s u r e of the y e a r - t o - y e a r or t i m e v a r i a b i l i t y of a n n u a l 
ha i l , the coef f ic ien t o f v a r i a t i o n o f annua l h a i l a t v a r i o u s o b s e r v a t i o n s t a t i o n s 
was c a l c u l a t e d . R e s u l t s of t h e s e c a l c u l a t i o n s have i n d i c a t e d tha t a coef f ic ien t 
o f v a r i a t i o n o f a p p r o x i m a t e l y 73 p e r c e n t e x i s t s t h r o u g h o u t the s t a t e . T h i s 
coef f ic ien t i n d i c a t e s t ha t in one y e a r out o f t h r e e , the h a i l f r e q u e n c y wi l l be 
a t l e a s t 7 3 p e r c e n t g r e a t e r o r l e s s t h a n the m e a n v a l u e i n d i c a t e d in F i g u r e 10 
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for the station. Thus, a re la t ive ly grea t y e a r - t o - y e a r var iabi l i ty in hail 
is indicated by the coefficient of var ia t ion . 
To further i l lus t ra te t ime var iabi l i ty in the number and dis t r ibut ion of 
ha i l s to rms in the s tate , hail occur rence maps for six separate ye a r s have 
been presented in F igures 17 and 18. On these maps , the hail d is t r ibut ions 
for 1911, 1912, 1935, 1936, 1953, and 1955 a re shown. Referr ing to F igure 
17, it is seen that a re la t ively la rge number of ha i l s to rms occur red over a 
la rge port ion of the state during 1911. Individual station amounts ranged 
from ze ro to nine. The map for 1912 also indicates that some a r e a s received 
a l a rge number of h a i l s t o r m s , although a smal le r portion of the state exper i -
enced these ex t reme values than in 1911. Concentrations of hai l occur red in 
west cent ra l and south cen t ra l Illinois where as many as eight to nine s to rms 
were recorded . F igu re 17c for 1935 shows a year when hail was re la t ively 
s p a r s e . The maximum number of s to rms recorded at any station was four, and 
the major i ty of the stat ions had none or only one. The year 1936 was again one 
with re la t ively few ha i l s t o rms with a maximum number of four in nor thwes tern 
Illinois and large a r e a s of ze ro or one over the r e s t of the s ta te . 
F igure 18 shows the dis t r ibut ion of total annual hail days during 1953 
and 1955 as indicated by 65 U. S. Weather Bureau stat ions. A la rge number 
of hai l l o s ses were paid by the Crop-Hai l Insurance companies during 1953, 
while 1955 was a yea r with re la t ively few lo s se s . 
FIG.I7 NUMBER OF HAIL DAYS IN SELECTED YEARS 
α. HAIL 1953 b. HAIL 1955 
FIG.18 NUMBER OF HAIL DAYS IN SELECTED YEARS 
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PART I I I 
RECOMMENDATIONS FOR FUTURE WORK 
1. During 1958 data on ha i l s to rms were collected by a la rge network of 
obse rve r s in Illinois for the f i rs t t ime . The 1958 c rop- loss data should be 
obtained f rom CHIAA for analysis in conjunction with the cooperative o b s e r -
ver data and r ada r data. The 1958 c rop- loss data would also supplement the 
c rop- loss data a l ready analyzed. 
2. The slopes and other physical features such as soil types of al l town-
ships should be determined and compared with damage from individual s t o r m s 
and with township loss cost for the per iod that r a d a r data were available to 
de termine s to rm movements . This period would be 1953 to 1958. 
3. The U. S. Weather Bureau synoptic data should be examined and infor-
mation ext rac ted on a i r m a s s e s , positions of highs and lows, and positions of 
fronts on days with hail . 
4. Fifty percen t of the annual hail l o s ses in Illinois usually occur with two 
or three hail s t o r m s . Detailed case studies should be made of seve ra l of 
these intense s t o rms to determine possible a tmospher ic mechanisms for 
formation. 
5. Detailed examination should be made of al l available data for 1953 and 
1955 to de te rmine what factors were responsible for the l a rge difference in 
loss cost between these two y e a r s . 
6. Fac to r s that influence the loss ra t io from one region to another should 
also be studied. In 1957 the loss ra t io in Illinois was 12 per cent while Iowa 
had 41 per cent. As another example, The Great Lakes a r e a has a loss ra t io 
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of 20 percen t in 1957 while Kansas-Oklahoma had 104 percent . 
7. All available knowledge on ha i l s t o rms should be synthesized to 
construct a theore t ica l h a i l s t o r m model . This model would consider 
the effects of soil type, moi s tu re sources , nuclei, slope, elevation, 
t empera tu re distr ibution, and other p a r a m e t e r s to explain the dimensions 
of surface damage, intensi ty va r ia t ions , p re fe r red s t o r m t racks , and 
var ia t ions in ha i l s t o rms from year to year and from decade to decade . 
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PART IV 
RELATED STUDIES 
The Meteorology Section of the Illinois State Water Survey conducts 
r e s e a r c h on the meteorological aspects of water r e s o u r c e s . Because of 
the competency of the r e s e a r c h staff and the facil i t ies available for data 
collection, other groups reques t that we conduct r e s e a r c h under thei r spon-
sorsh ip or we initiate proposals for support to per form r e s e a r c h . In ad-
dition to the p resen t study sponsored by CHIAA, three other studies re la ted 
to the problem of the hail hazard in Illinois a r e cur rent ly in p rog re s s or. 
awaiting funds. There is no duplication of effort between the var ious pro jec ts , 
actual ly they complement each other . Meteorological r e s e a r c h is complicated 
and costs a r e usually high because of the numerous p a r a m e t e r s which mus t 
be examined. Consequently, m o r e rapid p r o g r e s s is made when severa l p r o -
j ec t s a r e re la ted . These other studies a r e outlined briefly in the following 
p a r a g r a p h s . 
During the summer of 1958 a network of cooperative obse rve r s was 
organized in eas t centra l Illinois to r epo r t the t ime of occur rence of hail 
and p rec i s e data on the physical nature of hai ls tones and other severe 
weather phenomena. These data were needed to evaluate methods of utilizing 
r a d a r in the detection and tracking of severe local s t o r m s . This study is 
being supported by the Geophysical Resea rch Direc tora te of the Air Force 
Cambridge Resea rch Center. This information will supplement the study 
of 1958 CHIAA reco rds if CHIAA support is continued since stone size and 
number will aid in the reconst ruct ion of case studies to de termine the 
topographic influence of damaging h a i l s t o r m s . The Air Force plans to 
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continue support as severa l y e a r s of data a r e n e c e s s a r y before conclusions 
can be drawn. 
In addition the Water Survey has an existing p r o g r a m of surveying al l 
r a i n s t o r m s of s ix inches or g r ea t e r within the s ta te . In the future data on 
the hai l extent and size will be collected. A p re l imina ry evaluation of the 
topographical conditions can be made at the s ame t ime in the field. Many of 
these heavy r a in s to rms occur in the summer and cause considerable crop 
damage . 
A two-year flight p r o g r a m for the purpose of measur ing a tmospher ic 
par t icu la tes under var ious synoptic weather conditions in the midwest under 
a r e s e a r c h grant from the National Science Foundation is being initiated this 
winter . Data acquired on this investigation will be available for application 
of the hail hazard problem in I l l inois . The tempora l and spatial d is t r ibut ion 
of par t icu la tes may vary sufficiently so as to t r igger some thunders to rms 
into producing hai l while o thers a r e l e s s violent . 
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